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Review Article 
Abstract  
The growth of aquaculture is constrained by disease among others. The traditional application of 
chemotherapeutical or antimicrobial agents as remedies or prophylactic measure in aquaculture facilities is 
limited. This is due to the development antibiotics resistant strains. The development of resistant, and 
bio-accumulation are growing public health concern. The need for resistant free, safer, low cost and 
environmental friendly alternatives has become imperative. Probiotics is widely acclaimed as the needed 
option which may in future supplant or complement antimicrobial drugs. This review provide an extensive 
report on probiotics and its history, the concept of aquatic probiotics, selection and qualities of probiotics, its 
applications in aquaculture, methods of administration and mechanism of action, with a summary on the 
benefits of probiotics, and issues with the use of antibiotics in aquaculture.
American Journal of Current Microbiology 
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Introduction 
Aquaculture, the production or rearing of aquatic species under partially or totally controlled 
environmental conditions has become the fastest growing agricultural subsector in the world [1]. It has 
emerged as the world major supplier of high quality protein. Aquaculture’s contributions to world food 
production, raw materials for industries, pharmaceutical use, and aquatic organisms for stocking or 
ornamental trade have increased dramatically in recent decades [2]. In the last three decades (1980-2010) 
world food fish production of aquaculture has expanded by almost 12 times at an average annual rate of 
8.8 % [3]. Aquaculture recorded the highest growth of almost 100 % from 1984 to 1995 as compared with 
3 % for livestock meat and 1.6 % for capture fisheries [4]. Some of the factors responsible for this growth 
are: increasing awareness of the growing need for fish, the ease and convenience of rearing fish in smaller 
culture facilities, consumer concern about security and safety of their food and socio economic objectives 
[3]. Concerns about the risks associated with wild fishing are also a contributory factor.  
World aquaculture production is however, increasingly faced with challenges. Disease outbreaks 
are a major constraint to aquaculture production and trade, affecting the economic development of the 
sector in many countries [5]. Aquaculture is vulnerable to adverse impacts of natural, social-economic, 
environmental and technological conditions. Outbreaks of viral, bacterial, and fungal infections have 
caused devastating economic losses worldwide [2].  
The use of conventional approaches such as antimicrobial drugs and disinfectants has limited 
success in the prevention or cure of aquatic diseases [5]. Administration of chemotherapy in aquaculture 
has associated risk. Prevention and control of disease through the use of antibiotics and vaccines have 
been in practice in many countries of the world. However, the utility of antimicrobial agents as preventive 
measures has been questioned, given extensive documentation of the evaluation of antimicrobial 
resistance among pathogenic bacteria [6]. The massive use of antimicrobials for disease control and 
growth promotion in animals increase the selective pressure exerted on the microbial world economy as 
the emergence of bacterial resistance [7].   
The acquisition of antimicrobial resistance by agents is through chromosomal mutation or 
acquisition of plasmids. Chromosomal mutation cannot be transferred laterally to other bacteria. However, 
resistance plasmids can be transferred very rapidly, producing a high percentage of pathogenic bacteria 
that develop mediated plasmid – resistance in a short period of time [8]. This poses risk to both the 
aquatic species and public health. The transfer for example of multidrug resistance occurred in Ecuador 
during the cholera epizootic between 1991 and 1994. This originated from shrimp workers. Although the 
original epidemic strain Vibrio cholerae was susceptible to 12 antimicrobial agents tested on the coast of 
Ecuador, it acquired multidrug resistance due to transfer of resistance gens from other vibrio species that 
were pathogenic to shrimp [9]. Evidence for the transmission of resistance between aquaculture 
eco-system and human has been demonstrated [10]. 
The issue of bioaccumulation has significant public health consequences. Substances such as 
Chorionic gonadotropins, Tricaine methane-sulfonate (MS-222), Oxytetracycline, Chloramphenicol, 
Nitrofurans, Fluoroquinolones, Quinolones, Malachite green, Steroids , Hormones and host of others are 
often utilized inappropriately or in an irregular manner on aquatic species. The over administration of 
antimicrobial agents and/ or extended periods of application, can potentially augment bioaccumulation in 
aquatic organisms, and resistance development. Consumption of these organisms may result to serious 
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health problems. Nitrofuran antibacterial has links to cancer, while chloramphenicol is known to cause 
aplastic anemia in humans [11]. Apart from the effects of antibiotics residues, antimicrobial-resistant 
bacteria in aquaculture present a risk to public health. Plasmid-borne resistance genes for example, have 
been transferred by conjugation from the fish pathogen Aeromonas salmonicida to Escherichia coli, a 
bacterium of human origin, some strains of which are pathogenic to human [12]. 
In view of this, there is growing need for the development of friendly antimicrobial agents, 
which has no short or long term adverse effects on man, aquatic species and the environment. The use of 
probiotic is widely viewed as a safer alternative to antibiotic drugs. The aim of this paper is to promote 
safer aquaculture through the applications of probiotics.  
History and Definition of Probiotics 
The use of probiotics is dated back to the primitive era. Historians believed that fermented daily products 
like kefir and yoghurt were consumed by God’s people throughout the bible times. This is evident in the 
book of Genesis 18:8 KJV “And he took butter, and milk and the calf which he had dressed, and set it 
before them; and he stood by them under the tree and they eat”. Abraham’s longevity may have been the 
result of drinking sour milk [13]. Dairy products such as kefir were widely consumed and used 
therapeutically [14]. In 76 BC, a Roman historian Pline, recommended fermented milk products as a 
remedy for gastroenteritis [15]. In 1907, the first scientific approach recognizing the positive role played 
by some bacteria was attributed to Eli Metchnikoff, the Russian Nobel Prize winner [16]. He suggested 
that: “The dependence of the intestinal microbes of the food makes it possible to adopt measures to 
modify the flora in our bodies and to replace the harmful microbes by useful microbes” and “systematic 
investigations should be made on the relation of gut microbes to precocious old age, and on the influence 
of diet which prevent intestinal putrefaction in prolonging life and maintaining the forces of the body” 
[17].  
Henry Tissier, a French Pediatrician in 1906 observed that healthy breastfed children had high 
presence of Y- shaped bacteria (Bifidobacterium) in their faeces, but low presence in that of those who 
had diarrhoea. Then he suggested that bifidobacterium could be used to treat diarrhoea by restoring the 
healthy microbiota [14].  
The term probiotics was first used by Lilly and Stilwell in 1965, to describe microbiological 
origin factor that stimulate the growth of other organisms [18].  [19], expanded the definition to 
“live microbial food supplement that benefits the host by improving the microbial balance of the body”. 
The most accepted definition of probiotics was put forth by FAO/WHO [15], as “live microorganisms 
which when administered in adequate amount, confer a health benefit on the host”. 
The Concept of Aquatic Probiotics 
Although probiotics in aquaculture may act in a manner similar to what is observed in terrestrial animals, 
the relationship between aquatic species and their environment is more complex [2]. Based on this 
complex interaction between the aquatic species, and their environment, the traditional definition of 
probiotics is lacking for aquaculture and needs to be modified. [5], redefined probiotics as “live microbial 
adjunct which has a beneficial effect on the host by modifying the host-association or ambient microbial 
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community, by ensuring improved use of the feed or enhanced its nutritional value, by enhancing the host 
response towards diseases, or by improving the quality of its ambient environment”. [20], observed that 
this broad definition of probiotic in aquacultural systems addressed the influence of immediate 
environment on the health of aquatic species. A simple but encompassing definition for the term aquatic 
probiotics is any microorganism or group of microbes which directly or indirectly confers benefit(s) to the 
host aquatic species through interactions with the host, other microbes and / or the environment. 
Selection of Probiotics candidates 
 In the cause of selecting probiotic, the probiotic should be evaluated for a number of parameters such as 
antibiotics susceptibility pattern, toxic production, metabolic and haemolytic activities, infectivity in 
immune-compromised host and side-effects [15]. According to [21], the process for the selection of 
probiotics involves the given order: 
i. A source of microorganism must be selected 
ii. The microorganism with which the work is to be carried out is isolated and identified by means of 
selective culture 
iii. A new culture with only the colonies of interest for conducting in-vitro evaluation (inhibition of 
pathogens; pathogenicity to target species; resistance conditions of host; among others) is 
performed 
iv. In case of the absence of restrictions on the use of the target species, experiment with in-vivo 
supplementation and small and large scale are carried out to check if there are real benefits to the 
host 
v. Finally, the probiotic that presented significantly satisfactory result can be produced 
commercially and utilized. 
Qualities of probiotics 
Microorganisms must possess the given characteristics to be considered as good probiotics.   
i. It should be a strain , which is capable of exerting a beneficial effect such as resistance to diseases, 
or increases growth, on the host (aquatic species) 
ii. It must be non-pathogenic, and non-toxic 
iii. It should be present as viable cells preferable in large numbers 
iv. It should be capable of surviving and metabolizing in the gut environment (or the aquatic 
environment) 
v. It should be stable and capable of remaining viable for periods under storage, field conditions and 
robust enough to survive industrial processes [19]. 
Other desirable qualities of probiotics include: 
vi. It should have ability to replicate rapidly within safe limits 
vii. It should not be broad-spectrum, but specific in action 
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 The Mechanism of Action of Probiotics 
 [22], observed that the mechanisms of action of probiotics are not fully understood. Nevertheless several 
studies have based the mechanisms on “Competitive exclusion principle” or colonization resistance, 
production of bacteriocins, Immune stimulation, Antiviral effects and improved feed [23]. The mode of 
actions of probiotics is based on: 
i. Competition for binding (Competitive exclusion) where probiotics bacteria binds with the binding 
sites in the intestinal mucosa, forming a physical barrier, preventing the connection by pathogenic 
bacteria. 
ii. Production of antibacterial substances: probiotic bacteria synthesize compounds like hydrogen 
peroxide and bacteriocins, which have antibacterial action, mainly in relation to pathogenic 
bacteria. They also produce organic acids that lower the environment’s pH of gastrointestinal 
tract, preventing the growth of various pathogens and development of certain species of 
Lactobacillus. 
iii. Competition for nutrients: the lack of nutrients available that may be used by pathogenic bacteria 
is a limiting factor for their maintenance. 
iv. Stimulation of immune system: some probiotics bacteria are directly linked to the stimulation of 
the immune response, by increasing the production of antibodies, activation of macrophages, 
T-cell proliferation and production of interferon [24, 25]. 
Applications of Probiotics in Aquaculture 
Probiotics has wide application in aquaculture. Probiotics may function as Bioprophylaxis, 
Biotherapeutics, Water quality improver, Growth promoter, Performance enhancer, Fish seeds quality 
enhancer, Immune enhancer, Digestion accelerator, Nutrient utilization enhancer, and as Anti-stressors in 
aquaculture.  
 Bioprophylaxis  
Probiotics is applied in aquaculture as bioprophylaxis; the use of living (microscopic) organisms for the 
prevention of infections among aquatic species. Bioprophylaxis is achieved through the ability of the 
beneficial microorganism to produce bacteriocins, which inhibit pathogenic organisms from establishing 
diseases in and/or on the host. [26], studied the ability of Carnobacterium strain K1 to colonize the 
intestinal tract of rainbow trout Oncorhynchus mykiss 13-16 cm long, and to inhibit two common fish 
pathogens, Vibrio anguillarum and Aeromonas salmonicida, in mucus and faecal extract of rainbow trout. 
The production of growth inhibitors against both pathogens was demonstrated in-vitro in both the mucus 
and the faecal extracts. 
   [27], observed that cultures of Alteromonas media controls Vibrio tubiashii infections in larvae of 
pacific oysters Crassotrea gigas. In a study with tiger shrimps Penaeus monodon, the inoculation of 
Bacillus S11, a saprophyte strain, resulted in higher survival of post-larvae challenged by a luminescent 
pathogenic bacteria culture [28]. [28], studied the use of Bacillus strains 11 as a probiotic administered in 
enriched Artemia to larvae of tiger shrimp P. monodon. They found that the P. monodon larvae fed the 
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Bacillus fortified Artemia had significantly shorter development times and fewer disease problems than 
did larvae reared without the Bacillus strain. After being fed for 100 days with the Bacillus strain S11- 
supplemented feed. P.monodon post-larvae were challenged with a pathogenic Vibrio harveyi strain D331, 
by immersion of the shrimp. Ten days later, all the group treated with Bacillus strains 11 showed 100% 
survival, whereas the control group had only 26 % survival. 
   A strain of Carnobacterium sp. was isolated from Salmon bowel and administered live to rainbow 
trout, and Atlantic salmon, demonstrating in-vitro, antagonism against known fish pathogens: Aeromonas 
hydrophila, Aeromonas salmonicia, Flavobacterium, Psychrophilum, Photobacterium damselae and V. 
sp,. [29]. [30], reported that the use of several Bacillus cultures in penaeid culture ponds allowed the 
culture of shrimps for over 160 days without problem, however, the farms that did not use the Bacillus 
cultures experienced almost complete failure in all ponds with luminescent Vibrio diseases, killing the 
shrimps before 80 days of culture was reached. [27], observed that Aeromonas media A199 exhibits 
inhibitory in-vitro to 89 strains of Aeromonas and Vibrio, and could prevent the death of Oyster 
Crassostre gigas larvae, when they were challenged in-vivo with vibrio tublashi. Pseudomonas is known 
to be natural competitors to other organisms such as saprolegnia [31]. Pseudomonas is a potential 
probiotic candidate against saprolegniasis. 
Biotherapy  
Biotherapy is the utilization of living (microscopic) organisms for the treatment of disease. Probiotics is 
applied in aquaculture as biotherapeutical agents; for the remedy and restoration of fish health. Probiotic 
strain isolated from the gastrointestinal tract of clown fish Amphiprion percula have been used to 
inactivate several pathogens such as A. hydrophila, and Vibrio alginolyticus among others [2]. [32], also 
reported that a strain of V. alginolyticus was effective in reducing disease caused by A. salmonicida and 
two pathogenic V. sp. Different strains of siderophore producing Psedomonas fluorescens have been 
effectively utilized as biotherapeutical agents. They were able to exclude a pathogen A. salmonicida strain 
from Atlantic salmon presmolts with stress inducible furunculosis [33], and to limit the mortality of 
rainbow trout infected with V. anguillarum [34]. 
Reduction in the mortality of rainbow trout due to A. salmonicida from 52.6 % to 18.9%, after 
109 cells g-1 of lactic acid bacteria Lactobacillus rhamonosus was administered via food for 51 days was 
reported [35]. Probiotics have been shown in-vitro to alter the gene expression of certain pathogens, 
thereby reducing their virulence. Apart from the antimicrobial action, probiotics are also known to exhibit 
antiviral effects. [36], observed that strains of Pseudomonas sp., Vibrio sp., Aeromonas sp., and groups of 
coryneforms isolated from Salmonid hatcheries, showed antiviral activity against infectious 
hematopoietic necrosis virus (IHNV), with more than 50% plaque reduction. 
Water quality improver 
Pond water quality management is essential for the success of every fish farm. Probiotics is employed as 
agents of improved water quality in aquaculture. The beneficial microorganism plays a significant role in 
improving the pond water quality, thus protecting fish from environmental stress, infection and promoting 
fish yield. [36], isolated several strains of Bacillus from Cyprinus carpio and carried out test to improve 
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water quality in ornamental fish culture. The three out of the isolates showed reduced concentrations of 
ammonia, nitrate and phosphate at 74%, 76% and 72% respectively. Organic enrichment and nitrogenous 
waste, including ammonium NH4
+
 and ammonia NH3
+
 are a serious concern in aquaculture [37]. 
Ammonia-oxidizing bacteria (oxidize ammonia to nitrite NO2
-) and nitrite-oxidizing bacteria (oxidize 
nitrite to nitrate NO3
-) through the nitrification process. This prevents buildup of toxic ammonia in fish 
culture facilities. Aerobic denitrifies are considered to be good candidates to reduce nitrate to nitrogen gas 
(N2) under aerobic conditions in aquaculture facility [37]. [38], isolated from a shrimp tank the following 
denitrifying bacteria: Acinetobacter, Arthrobacter, Bacillus, cellulosimicrobium, Mycobacterium 
Paracoccus, Pseudomonas, Sphingobacterium and Stenotrophomonas. [39], reported that the use of 
Bacillus sp. improves water quality, survival, growth rates, and the health of P. monodon against 
pathogenic vibrios. 
[40], explained that converting ammonia (NH3
+) into nitrite (NO2
-) and nitrate (NO3
-) by 
nitrifying bacteria significantly reduce the level of toxic compounds to safer levels for the aquaculture 
organism. Probiotics also degrades toxic hydrogen sulfide (H2S), improving water quality and odour. Fish 
ponds can thus be inoculated with nitrifying cultures when ammonia levels are high. [41], assert that the 
requirement for the use of candidate probiotics in aquaculture is the enhanced decomposition of organic 
matter, reduced nitrogen and phosphorus concentrations, improved availability of dissolved oxygen, 
suppressed cyanobacteria blooms, controlled ammonia,, nitrite, and hydrogen sulfide concentrations, 
lower incidences of disease, greater survival , and improved production. 
Growth promoter 
Probiotics plays the role of growth booster in aquaculture. It contributes directly or indirectly in the 
nutrition of aquatic species, with resultant improvement in growth, and economic yield. The growth 
promotional effect of probiotics on fish is not characterized with negative health consequences [12, 15], in 
contrast to the risk factors associated with known commercial growth enhancers [42, 43]. Some 
commercial growth booster products for animals and fish are prepared from synthetic steroids, hormones, 
or hormone–mimicking substances believed to be carcinogenic, and with bioaccumulation effect [11, 12]. 
[44], reported improved growth and survival rates of juvenile P. monodon when fed for 100 days 
with a mixture of Lactobacillus sp. isolated from chicken gastrointestinal tract. Probiotics strains have a 
beneficial effect on the digestive process of aquatic animals because they synthesize extracellular 
enzymes such as proteases, amylases, and lipases as well as provide growth factors such as vitamins, fatty 
acids and amino acids. The application of probiotics results in reduced feed cost [45], which accounts for 
60-70% of the input cost of fish production. [46], reported that some microorganisms, such as 
Agrobacterium sp., Pseudomonas sp., Brevibacterium sp., Microbacterium sp., and Staphylococcus sp., 
may contribute to nutritional processes in Salvelinus alpinus. 
Both the highest growth performances and best feed conversion ratio were observed when 
Oreochromis niloticus was fed with probiotic Micrococcus luteus[47]. [48], observed increased feed 
digestibility, improved weight gain, feed conversion and apparent survival of Bull frog Lithobates 
catesbeianus when fed doses of 2.5, 5.0 and10.0 g kg-1 feed, when compared to control treatment (without 
added probiotic). [49], explained that the ability of Bacillus to aid digestion was because it secrets a wide 
range of exoenzymes (proteases, lipases and carbohydrases) that complement the activities of the fish and 
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increase enzymatic digestion.  
  It was observed that Streptococcus faecium and Lactic acid bacteria improved the growth and feed 
efficiency of Israeli carp as well as promotes the growth of juveniles carp respectively [50]. 
Probiotics in seeds production 
Fish seeds production is an important aspect of aquaculture. Viable and sufficient fish seeds remain a 
challenge in aquaculture, and a key factor to sustainable aquaculture production. [51], observed that 
scarcity of quality seeds is one major problem encountered by fish farmers in Nigeria. Disease is a 
constraint to fish seed production. Antibiotics and antifungal are the popular approach to remedy the 
pathological issues in fish hatcheries. It was reported that the use of antibiotics in hatcheries has to be 
minimal, excess applications is not only fatal to fish seeds, it also do not allow microbial control and may 
result in unfavorable alteration of the fish microbiota. Therefore, it was suggested that a relatively dense, 
nonpathogenic, and diverse adherent microbiota present on the eggs would probably be an effective 
barrier against colony formation by pathogens on fish eggs [5]. 
In a study, lactic acid bacteria was added daily to nine days in the enrichment medium of rotifers 
used as live food for the turbot larvae Scophthalmus maximus. After which, the larvae was challenged 
with a pathogenic vibrio. It was observed that the survival rate of the larvae turbo was significantly 
improved [52]. It was believed that the lactic acid bacteria acted as a microbial barrier against the 
pathogenic vibrio thus, curb the invasion of turbo larvae by the pathogen [5]. 
[53], isolated a strain of B. subtilis from the intestine of Cirrhinus mrigala, and incorporated it at 
different concentrations to four species of ornamental fishes: Poecilia reticulata, P. sphenops, 
Xiphophorus helleri, and X. maculates, in a one year experiment. The study revealed that using B. subtilis 
concentration of 106- 108 cells g-1 of food produced increases in the gonadosomatic index (GSI), fecundity, 
viability and the production of fry from the females of all four species. [54], also increased the 
gonadosomatic index and the production of fingerlings in females of reproductive age, using mixed 
cultures consisting of Lactobacillus acidophilus, L. casei, Enterococcus faecium and Bifidobacterium 
thermophilum. 
The growth of Vibrio anguillarium in faecal extracts from turbot juvenile was inhibited by 
carnobacterium cells. Thus it was concluded that the turbot intestinal tract and faeces can serve as an 
enrichment site for V. anguillarium and that the use of intestinal bacteria with inhibitory activity against 
Vibrio sp. might be used to decrease the load of fish pathogenic Vibrio sp. in turbot hatcheries [55]. 
Potentially, all fresh water fishes, and incubated eggs are readily infected with saprolegniasis [56]. 
Saprolegniasis accounts for most of the mortalities and production failures in fish hatcheries. The 
probiotic Pseudomonas fluorescens has the potential remedy against fungi diseases at hatcheries, due to 
its inhibitory and exclusion effects.  
Enhancement of host immunity 
Studies has shown that probiotics has immunostimulating abilities. Oral administration of Clostridium 
butyricum bacteria to rainbow trout enhanced the resistance of fish to vibriosis, by increasing the 
phagocytic activity of leucocytes [57]. Lactic acid bacteria (strains MM1 and MM4) were reported along 
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with the secretion of hydrogen peroxide and bacteriocin-like substances, which have strongly inhibitory 
activities against pathogens of gram negative V. metschnikovii and V. harveyi, and gram positive S. aureus 
that infects orange-spotted grouper Epinephelus coioides [55].  
The joint administration of L. fructivorans and L. plantarum through dry or live feed promoted 
the colonization of the intestine of sea bream Sparus aurata and the decrease in mortality of animals 
during larviculture and nursery [58]. Probiotics contributes significantly to the improvement of the 
immunity of young aquaculture species. It is explained that fish larvae, shrimps and other invertebrates 
have immune systems that are less well developed than adults’ stage, thus depends primarily on 
nonspecific immune responses for their resistance to infection [5]. It was also reported that the use of 
probiotics stimulate rainbow trout immunity by stimulating phagocytes activities, complement mediated 
bacteria killing and immunoglobulin production [47]. Evaluation of the ability of Lactobacillus 
fermentum LbFF4 isolated from Nigeria fermented food (fufu) and L. plantarum LbOGI from a beverage 
(ogi), induced immunity in Clarias gariepinus against some selected fish bacteria pathogens [59].  
  The administration of a mixture of bacteria strain (Bacillus sp. and Vibrio sp.) positively influenced the 
growth and survival of shrimp juveniles and gave a protective effect against pathogens V. harveyi and 
white spot virus [9]. Higher survival rate of carp Labeo rohita fed B. subtilis, submitted to intraperitoneal 
injection with A. hydrophila was observed during a study [60], while [34] demonstrated that the use of P. 
fluoresencns AH2 as probiotics decreased the mortality of juveniles of rainbow trout exposed to V. 
anguillarum. 
Administration of Probiotics 
The administration of probiotics in aquaculture is done in several ways, depending on the purpose, the 
aquatic organism, and the beneficial microorganism in use. It can be achieved through feeding, injection 
or immersion [61]. Probiotics maybe bond, or encapsulated in feeds [62], or may be given directly to fish 
as a supplement. Lyophilized probiotics can also be used as vaccination in fish. The administration of 
probiotics directly to culture ponds is to improve water quality [41], diseases prevention, enhanced 
decomposition of unwanted organic matter, and improvement of the ecological environment of aquatic 
species.  
A summary of benefits of probiotics in aquaculture 
The known benefits of probiotics in aquaculture are: 
i. It enhances performance 
ii. It function as bioprophylaxis  
iii. It act as biotherapeutics  
iv. It enhances the immunity of aquatic organisms 
v. It aids digestion , metabolism and nutrient utilization 
vi. It improves the quality of pond water 
vii. It enhances fecundity ; reproductive performances in parent fish 
viii. It increases fish seeds viability, and reduce mortality in hatcheries. 
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Selected issues with antibiotics and chemotherapeutics in 
aquaculture 
Several authors have reported negative effects of using antimicrobial agents in fish farms. The 
development of resistance mechanism and transference by some microorganisms exposed to antibiotic 
remain a serious public health threat. Resistant bacteria can transfer their resistant genes to other bacteria 
that have never been exposed to the antibiotic. The exchange of gens responsible for antibiotics resistance 
involves lateral DNA transfer. This process may occur in any three of the named mechanisms: 
Transformation (bacteria acquire gens from the uptake of [foreign] DNA from the external environment), 
Transduction (bacteria obtain genes through infection with viral DNA) and Conjugation (bacteria gain 
genes by cell-to-cell mating). 
Some countries have placed a band on a number of antibacterial agents. The European Union 
banned the use of Nitrofuran antibacterial because of possible increase in cancer risk in humans. 
Chloramphenicol used in the treatment of Salmonella tpyhimurium diseases in humans; with broad 
spectrum applications in animals and fish was also banned by EU [63]. Potassium permanganate used as 
algaecide, antibacterial, and antifungal was reported to cause nausea, vomiting, abdominal pain and 
kidney damage [64]. Copper sulfate used as algaecide, antibacterial and antifungal was also reported to 
have negative effects on the liver and kidney [65]. Sulfadimethoxine and Ormetoprim may cause birth 
defects, blood system effects and allergic reactions. Formalin is used in aquaculture against protozoa, 
fungi, and bacteria pathogen. Its usage is not approved in Australia, Europe and Japan because of its 
association with oncogenesis [65]. Some studies indicate that formalin does not accumulate in the edible 
tissues of fish [4]. However, the International Agency for Research on Cancer classified formalin as 
carcinogenic to humans, when exposed at elevated concentration [65].  
Conclusion and Recommendations 
Aquatic probiotics promotes aquaculture production and augment economic yield without compromising 
the safety of cultured organisms, man and the environment. It is a promising option to antibiotics and 
chemotherapeutics which are unsafe and have long term negative consequences. Despite the promising 
beauty of probiotics, this young technology must be cautiously applied. The process of selecting aquatic 
probiotics should be done with strict precautionary measures; utilizing appropriate technologies such as 
Polymerase Chain Reaction (PCR), and Fluorescent Insitu Hybridization (FISH) among others. Care 
should be taken to avoid mutation of probiotics, and the acquiring of resistance. Candidate for probiotics 
should be sorted domestically, within the ecology rather than importation of foreign strains which may 
effects the indigenous strains. There is need for further studies on the mechanisms of probiotics, for better 
utilization. Although the applications of probiotics are promising in aquaculture, it may not supplant 
antibiotics in totality but rather complement. This is because probiotics is generally slower in action as 
compared to commercial antibiotics. Most of the reviewed experiments were done under laboratory 
conditions. There is need to conduct similar studies on farms to have greater confidence in the findings. 
Further research should address challenges such as constraints to the mass production of aquatic 
probiotics.  
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